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GLIILFXOW WRUHPRYHE\DSSO\LQJILOWHULQJVLQFHLW LVGLVWULEXWHGLUUHJXODUO\LQDZLGHIUHTXHQF\EDQG/RZHULQJWKH
WUDQVGXFHUVIUHTXHQF\FDQDYRLGWKLVEXWWKHV\VWHPUHVROXWLRQZLOOVXIIHUIURPDFRUUHVSRQGLQJUHGXFWLRQLQUHVROXWLRQ
0DQ\ WHFKQLTXHV KDYH EHHQ GHYHORSHG WR UHGXFH WKLV JUDLQ QRLVH DQG HQKDQFH WKH GHWHFWDELOLW\ 0RVW RI WKH
DOJRULWKPVDUHEDVHGRQHLWKHUVSDWLDOGLYHUVLW\RUIUHTXHQF\GLYHUVLW\:LWKWKHLQWURGXFHGRISKDVHGDUUD\WUDQVGXFHUV
LQUHFHQW\HDUVVSDWLDOGLYHUVLW\EDVHGWHFKQLTXHVFDQEHHDVLO\DSSOLHGVLQFHGLIIHUHQWDUUD\HOHPHQWVFDQREVHUYHD
WDUJHW IURP GLIIHUHQW RULHQWDWLRQV $OJRULWKPV VXFK DV )RFXVHG %VFDQV >@ 7RWDO )RFXVLQJ 0HWKRG 7)0 >@
PLQLPXPYDULDQFHEHDPIRUPLQJDQGDGDSWLYHSURFHVVLQJ> @6SDWLDOO\$YHUDJHG6XE$UUD\&RUUHODWLRQ,PDJLQJ
6$6$&, >@KDYHDOUHDG\DFKLHYHGSURPLVLQJVXFFHVVLQQRLVHUHGXFWLRQ
0RUHDGYDQFHGDOJRULWKPVWKDWXVHERWKVSDWLDODQGIUHTXHQF\GLYHUVLW\KDYHDOVREHHQGHYHORSHGVXFKDV6SHFWUDO
'LVWULEXWLRQ6LPLODULW\$QDO\VLV6'6$>@DQG)UHTXHQF\6SDWLDO3RODULW\&RKHUHQFH)63& >@+RZHYHUSKDVHG
DUUD\WHFKQLTXHVDUHQRWDOZD\VDYDLODEOHHJLQWKHFDVHRIORZIUHTXHQF\LQVSHFWLRQ
)UHTXHQF\GLYHUVLW\EDVHGWHFKQLTXHVVXFKDVWKHZHOONQRZQ6SOLW6SHFWUXP3URFHVVLQJ663KDYHDOVREHHQ
GHYHORSHG,PSRUWDQWO\XQOLNHVSDWLDOGLYHUVLW\WHFKQLTXHVIUHTXHQF\GLYHUVLW\LVVXLWDEOHIRUERWKVLQJOHWUDQVGXFHU
DQGDUUD\DSSURDFKHV
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663DOJRULWKPLVEDVHGRQWKHDVVXPSWLRQWKDWVXSHUSRVHGJUDLQQRLVHLQWKHUHFHLYHG$VFDQVLVPRUHVHQVLWLYHWR
IUHTXHQF\ FRPSDUHG ZLWK D OHJLWLPDWH UHIOHFWRU 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RUSKDVHLQIRUPDWLRQ3RODULW\7UHVKROGLQJ37 >@+RZHYHUGXHWRWKH
ZHOONQRZQIDFWLQOLWHUDWXUHWKDW663LVKLJKO\VHQVLWLYHWRLWVSDUDPHWHUWXQLQJ >@WKHRSWLPDOSHUIRUPDQFHLVKDUG
WRDFKLHYH 7KLVPD\UHVXOW LQ VFDWWHULQJQRLVHQRWEHLQJ IXOO\HOLPLQDWHGKHQFHEHFRPLQJ DUWHIDFWV ZKLFKFDQEH
HDVLO\FRQIXVHGZLWKWKHHFKRHVIURPOHJLWLPDWHUHIOHFWRUV
$QDGYDQFHGDOJRULWKP 0RYLQJ%DQGZLGWK3RODULW\7KUHVKROGLQJ0%37 >@ KDVEHHQGHYHORSHG WRVROYHWKH
VHQVLWLYLW\SUREOHPVRI663+RZHYHU0%37DOVRFDQQRWIXOO\UHPRYHVXFKDUWHIDFWVDQGKHQFHFDQQRWPDLQWDLQD
KLJKGHIHFWGHWHFWDELOLW\
2WKHUDGYDQFHG WHFKQLTXHVKDYHDOVREHHQSURSRVHG WR LPSURYH WKHSHUIRUPDQFHRI IUHTXHQF\GLYHUVLW\EDVHG
DOJRULWKPV0DQ\RIWKHPDUHSURWRW\SHEDVHGOLNH2SWLPDO'HWHFWLRQ2' >@ZKLFKWUDLQVWKHDOJRULWKPZLWKSUH
NQRZOHGJHRIWKHWHVWHGVDPSOHWKHQEXLOGVDVXLWDEOHPRGHODFFRUGLQJO\WR LQFUHDVHWKHDFFXUDF\
$ UHFHQWO\ GHYHORSHG SURWRW\SH EDVHG DOJRULWKP QDPH )UDJPHQW 5HFRJQLWLRQ &ODVVLILHU )5& >@ XVHV D
VXSHUYLVHGFODVVLILFDWLRQDOJRULWKPWRH[WUDFWWKHOHJLWLPDWHUHIOHFWRU VLJQDOVIURPWKHJUDLQQRLVH)5&LVILUVWO\WUDLQHG
E\SUHDFTXLUHGVHJPHQWDOVLJQDOVIURPWKHWHVWHGVDPSOHZKLFKFRQWDLQVDJURXSRIOHJLWLPDWHUHIOHFWRU VHJPHQWDO
VLJQDOVDQGDJURXSRIQRLVHVHJPHQWDOVLJQDOV%\OHDUQLQJWKHVSHFWUXPSURSHUWLHV RIWKHVHWZRJURXSV)5&FDQWKHQ
FODVVLI\WKHQHZLQSXWVHJPHQWVIRUUDZ$VFDQVLJQDOVLQWRHLWKHUOHJLWLPDWHUHIOHFWRU RUJUDLQQRLVH
3URWRW\SHEDVHGDOJRULWKPVFDQKDYHPRUHDFFXUDWHSHUIRUPDQFHVLQFHWKH\DUHDEOHWR DXWRDGMXVWWKHPVHOYHVWR
DGDSWWKHVLJQDOVDFTXLUHGIURPWHVWHGVDPSOHV ZLWKGLIIHUHQWSURSHUWLHV+RZHYHUKLJKTXDOLW\WUDLQLQJGDWDLVQRW
DOZD\VDYDLODEOH&RQVHTXHQWO\ WKHSHUIRUPDQFHRISURWRW\SHEDVHGDOJRULWKPV PD\EH OHVVZKHQ FRPSDUHG ZLWK
WUDGLWLRQDOWHFKQLTXHVLIWKHWUDLQLQJLVLQDSSURSULDWH
)RUWKHVHUHDVRQVWKLVSDSHUSUHVHQWVDQHZDOJRULWKPQDPHG3RWHQWLDO5HDO'HIHFW0LQHU35'0 ZKLFKFDQ
LPSURYHWKHDFFXUDF\RIWKHGHWHFWLRQZLWKRXWDFTXLULQJDQ\WUDLQLQJGDWDLQDGYDQFH7KHDOJRULWKPZDVLQVSLUHGE\
SURWRW\SHFODVVLILFDWLRQDOJRULWKPVOLNH)5',WXVHVDQXQVXSHUYLVHGFOXVWHULQJDOJRULWKPWRJURXSDOOWKHVHJPHQWDO
DUWHIDFW VLJQDOV JHQHUDWHG E\ WUDGLWLRQDO $VFDQ EDVHG QRLVH UHGXFWLRQ WHFKQLTXHV DQG WKHQ XVHV D VXSHUYLVHG
FODVVLILFDWLRQDOJRULWKPWRH[WUDFWWKHSRWHQWLDOOHJLWLPDWHUHIOHFWRUV DPRQJWKHP
0(7+2'2/2*<
7KHSURFHGXUHRI35'0FDQEHGHVFULEHGLQVL[ VWHSVDVLOOXVWUDWHGLQWKHIORZFKDUWSUHVHQWHGLQ)LJ
),*85( )ORZFKDUWRI3RWHQWLDO5HDO'HIHFW0LQHU35'0
180009-2
 Reuse of AIP Publishing content is subject to the terms at: https://publishing.aip.org/authors/rights-and-permissions IP:  130.159.82.88 On: Wed, 14 Sep 2016 08:21:54
3UHSURFHVVLQJ
8QOLNHD VXSHUYLVHGDOJRULWKPFOXVWHULQJDOJRULWKPV DUH XQVXSHUYLVHGDQGKHQFHLWFDQQRWFODVVLI\WKHLQSXWGDWD
EDVHG RQRQH¶VH[SHFWDWLRQ,WFDQRQO\GLYLGHWKHGDWDLQWRJURXSVZLWKVLPLODUFKDUDFWHULVWLFV7KHUHIRUHUDZ$VFDQV
DUHQRWVXLWDEOHWREH GLUHFWO\SURFHVVHG E\35'07KHUHDUHWZRUHDVRQV)LUVWO\XVLQJUDZ$VFDQGDWDZLOOJUHDWO\
LQFUHDVH WKH SRWHQWLDO QXPEHU RI FOXVWHUHG JURXSV KHQFH VLJQLILFDQWO\ LQFUHDVLQJ WKH FRPSOH[LW\ RI FRPSXWDWLRQ
6HFRQGO\VLQFHPRVWRIWKHVHJPHQWVLQUDZ$VFDQVRQO\FRQWDLQQRLVHWKHVLJQLILFDQWLPEDODQFHEHWZHHQQRLVHDQG
OHJLWLPDWHUHIOHFWRUV ZLOOFDXVHWKHOHJLWLPDWHUHIOHFWRU VHJPHQWVWREHHDVLO\PLVPDWFKHGZLWKRQHRIWKHQRLVHJURXSV
+HQFHSUHSURFHVVLQJLVUHTXLUHGE\RWKHU$VFDQEDVHGGHIHFWGHWHFWLRQWHFKQLTXHVVXFKDV663WRUHPRYHWKH
PDMRULW\RIJUDLQQRLVH DQG RQO\NHHSLQJ HFKRHVFRQWDLQOHJLWLPDWHUHIOHFWRU DORQJZLWKVRPHUHPDLQLQJ DUWHIDFWV
)HDWXUH([WUDFWLRQ
$IWHUWKHUDZ$VFDQVKDYHEHHQSURFHVVHGVHJPHQWDOVLJQDOVZLOOEHVHOHFWHGIURPDOOWKHORFDWLRQVZKLFKKDYH
SRWHQWLDOWREHIODZV7KHVL]HRIWKHVHJPHQWUHOLHVRQWKHWUDQVGXFHUIUHTXHQF\VDPSOLQJUDWHDQGHPLWWHGVLJQDO
FKDUDFWHULVWLF )HDWXUH YHFWRUV FDQ WKHQ EH H[WUDFWHG IURP WKHVH VHJPHQWV XVLQJ D UDQJH RI GLIIHUHQW PHWKRGV $
FRPPRQZD\WRDFKLHYHWKLVLVWRDSSO\D 6KRUW7LPH)RXULHU7UDQVIRUP67)7([WUDFWHGIHDWXUHVFDQ EHWUHDWHGDV
DQ1GLPHQVLRQDOYHFWRU
`^  Nm vvvV ?? 
ZKHUH?? LVWKHH[WUDFWHGIHDWXUHYHFWRUFRUUHVSRQGLQJWRDVHJPHQWDOVLJQDO
&OXVWHULQJ
7KHDLPRIFOXVWHULQJLV WRUHJURXSDOO WKHVHOHFWHGVHJPHQWDOVLJQDOVLQWRVHYHUDOJURXSVXVLQJWKHLUH[WUDFWHG
IHDWXUHYHFWRUV(DFKJURXSFRQWDLQVVHJPHQWDOVLJQDOVZLWKVLPLODUFKDUDFWHULVWLFV
7KHUHDUHDORWRIZHOOGHYHORSHGFOXVWHULQJDOJRULWKPVNPHDQV>@ LVRQHRIWKHPRVWIDPRXVDQGFRPPRQO\
XVHGDOJRULWKPV DQGLVXVHGLQWKLVSDSHU7KHPDLQFRQFHSW RINPHDQVLVWRGHILQHNFHQWHUVRQHIRUHDFKFOXVWHU
7KH DOJRULWKP WKHQ FDOFXODWHV WKH GLVWDQFH EHWZHHQ HDFK LQSXW YHFWRU SRLQW DQG WKH FHQWHU SRLQW SDLULQJ DQG
VXEVHTXHQWO\JURXSHDFKLQSXWSRLQWZLWK LWVQHDUHVWFHQWHU$IWHUWKLVVWHSUHFDOFXODWHWKHFHQWHURIHDFKFOXVWHU
WKHQUHSHDWXQWLOQRPRUHFKDQJHVDUHUHTXLUHGDQGWKHFHQWHURIHDFKFOXVWHULVFRQVWDQW
7RHQVXUHWKHVHJPHQWVWKDWFRQWDLQUHDOIODZVLJQDOVZLOOEHVHSDUDWHIURPWKHDUWHIDFWVLJQDOVWKHWRWDOQXPEHU
RIJURXSV VKRXOGEHQROHVVWKDQ
&ODVVLILFDWLRQ
7KHFOXVWHUHGUHVXOWVFDQQRZEHIXUWKHUSURFHVVHGXVLQJD FODVVLILFDWLRQDOJRULWKP8QOLNH FOXVWHULQJDOJRULWKPV
FODVVLILFDWLRQDOJRULWKPVDUHVXSHUYLVHGZKLFKUHTXLUHVSUHDFTXLUHG GDWDIURPHDFKFDWHJRU\WRWUDLQWKHDOJRULWKPV
,QWKLVFDVHWKHUHDUHWZRFDWHJRULHVVHJPHQWVFRQWDLQOHJLWLPDWHUHIOHFWRU DQGVHJPHQWVFRQWDLQJUDLQQRLVH 6LQFH
WKHOHJLWLPDWHUHIOHFWRUHFKRHVVKRXOGEHFRQWDLQHGLQRQHRUPRUHRIWKHFOXVWHUHGJURXSDQGLQSXOVHHFKRPRGH
WKHPDMRULW\SDUWRIWKHUHFHLYHGVLJQDOFRQWDLQVQRIODZHFKRWKHWUDLQLQJGDWD UHTXLUHGIRUWKHVHWZRFDWHJRULHVFDQ
EHVHOHFWHGIURPWKHFOXVWHUHGVHJPHQWVDQGWKHUHVWSDUWRIWKHUDZVLJQDO UHVSHFWLYHO\,QRWKHUZRUGVDODUJH VHWRI
VHJPHQWVUDQGRPO\VHOHFWHGIURPGLIIHUHQWVLJQDOVDQGGLIIHUHQWORFDWLRQVFDQEHWUDLQHGDVWKH
QRLVH
FDWHJRU\DQG
WKHQDJURXSFDQEHFKRVHQWKDWZDVFOXVWHUHGLQWKHSUHYLRXVVWHS WREHWUDLQHG DVD 
UHIOHFWRU
 7KHHQWLUHUDZGDWDVHW
FDQWKHQ EHFODVVLILHGXVLQJWKHWUDLQHGGDWD DQGUHSHDWHG IRUDOOFOXVWHUHGJURXSV
7KHUHDUHDORWRIZHOOGHYHORSHGSDWWHUQUHFRJQLWLRQWHFKQLTXHV,QWKLVSDSHUWKHVXSSRUWYHFWRUPDFKLQH690
KDVEHHQXVHG690LVDOLQHDUFODVVLILHUWKDWPDSVWKHVDPSOHVSDFHLQWRDKLJKHUGLPHQVLRQDOVSDFHRUHYHQLQWRDQ
LQILQLWHGLPHQVLRQDOIHDWXUHVSDFH+LOEHUWVSDFH7KH690WUDLQVDQGFODVVLILHVWKHVDPSOHGDWDXVLQJWKHIROORZLQJ
HTXDWLRQ>@
? ?? i miim BVSfAVC  
ZKHUH? LVWKHVXSSRUWYHFWRU? LVWKHZHLJKW ? LVWKHELDV? LVDNHUQHOIXQFWLRQ ?? LVWKHYHFWRUEHLQJFODVVLILHGDQG? LVWKHFODVVLILFDWLRQFRQGLWLRQV
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$UWHIDFWV(OLPLQDWLRQ
)RUHDFKJURXSLIRQO\DVPDOOQXPEHURIVHJPHQWVLQWKHUDZGDWDVHWKDYHEHHQFODVVLILHGDV
UHIOHFWRU
WKHQWKH
VHOHFWHGJURXSFRQWDLQVWKHUHDOIODZVLJQDOV/DEHOWKLVJURXSDV
OHJLWLPDWHUHIOHFWRU
2WKHUZLVHODEHOLWDVµDUWHIDFW¶
7KH GHFLVLRQ WKDW D FODVVLILHG 
UHIOHFWRU
 JURXS LV VPDOO RU QRW LV EDVHG RQ WKH GHWHFWLRQ UDWH RI WKH SUHSURFHVVHG
DOJRULWKP 7KHGHWHFWLRQUDWHLVGHILQHDV
VHJPHQWVDOO
VHJPHQWVGHWHFWHGRIQXPEHU ??detectP 
6LQFHWKHSURSRVHGDOJRULWKPDLPVWRUHPRYHDUWHIDFWVIURPWKHSUHSURFHVVHGUHVXOWVWKHFODVVLILHG
GHIHFW
QXPEHU
VKRXOGQRWH[FHHG WKHGHWHFWHGHFKRHVQXPEHULQWKHSUHSURFHVVHGUHVXOWV +HQFHLIWKHSHUFHQWDJHUDWHRIVHJPHQWV
EHLQJFODVVLILHGDVD 
UHIOHFWRU
 XVLQJD JURXS RYHUDOOVHJPHQWVLQUDZGDWD LVODUJHUWKDQ??????? WKHQWKLVJURXSLVPRVWOLNHO\WREHORQJWRDUWHIDFW,IPRUHWKHRQHJURXSKDVEHHQODEHOOHGDVµOHJLWLPDWHUHIOHFWRU¶WKHVHJURXSVVKRXOG
EHFRPELQHGDQGVWHSV'DQG(UHSHDWHG
5HFRQVWUXFWLRQ
7KHFODVVLILHG
OHJLWLPDWHUHIOHFWRU
 LVODEHOOHGDVDQGQRLVHDV+HQFHDIWHUDOOVHJPHQWVLQDQ$VFDQVLJQDO
KDYH EHHQFODVVLILHGDELQDU\VLJQDOZLOOEHJHQHUDWHG7KLVELQDU\VLJQDOFDQEHXVHGWRLPSO\WKHSRVLWLRQRIWKH
OHJLWLPDWHUHIOHFWRUV+RZHYHUWKLVELQDU\VLJQDOLVWRRGLFWDWRULDOIRUVD\LQJDIUDJPHQWLQWKH$VFDQWUDFHEHORQJV
WRD OHJLWLPDWH UHIOHFWRU RUQRLVH$Q LPSURYHGPHWKRG LV WRFRQVLGHUDOO WKH VHJPHQWV WKDWFRQWDLQ WKLVSRLQWDQG
DYHUDJHWKHLUFODVVLILFDWLRQUHVXOWV
L
VC
nP
n
Lnm m? ??? `^ 
ZKHUH ? LVWKHSUREDELOLW\SURILOH ? LVDSRLQWLQWKH$VFDQWUDFH?? LVWKHIHDWXUHYHFWRURIDVHJPHQW ZKLFKKDVDVWDUWLQJSRLQWDW? DQGDOHQJWKRI? ? LVWKHFODVVLILFDWLRQUHVXOWRIWKHYHFWRUHLWKHUµ¶RUµ¶
$IWHUWKHELQDU\VLJQDOKDVEHHQ VPRRWKHGLWFDQEHXVHGWRUHGXFHWKHDUWHIDFWQRLVHE\ZHLJKWLQJWKHUDZVLJQDO
7KLVZLOOLQGLFDWHWKHORFDWLRQRIOHJLWLPDWHUHIOHFWRUVZKLOHNHHSLQJ WKHLURULJLQDOLQIRUPDWLRQOLNHDPSOLWXGHVKDSH
(;3(5,0(17$/5(68/76
7RYDOLGDWHWKHSURSRVHGDOJRULWKPH[SHULPHQWDOGDWDZDVDFTXLUHGIURPWZRGLIIHUHQWVDPSOHV$+LJK1LFNHO
$OOR\+1$VDPSOHZLWKDPPEDFNZDOODQGDQDXVWHQLWLFVWHHOVDPSOHZLWKDPPEDFNZDOODVVKRZQLQ)LJ
$VFDQVGDWDZDVFDSWXUHGE\D0+]OLQHDUDUUD\WRIDFLOLWDWHGDWDFROOHFWLRQXVLQJDFRPPHUFLDOXOWUDVRQLFSKDVHG
DUUD\FRQWUROOHU=HWHF'<1$5$<ZKLFKLVFRQWUROOHGE\D0$7/$%7KH0DWK:RUNV,QF1DWLFN0$VFULSW
'HWDLOVRIWKHVDPSOHVDUHSURYLGHGLQ7DEOHDORQJZLWKGHWDLOVRIWKHH[SHULPHQWDOFRQILJXUDWLRQ
7$%/( 'HWDLOVRIH[SHULPHQWDOSDUDPHWHUV
([SHULPHQWDOSDUDPHWHUV 'HVFULSWLRQ
$UUD\W\SH ' /LQHDUDUUD\9HUPRQ
$UUD\VL]H HOHPHQWV
(OHPHQWSLWFK PP
&HQWHUIUHTXHQF\ 0+]
)UDFWLRQDOEDQGZLGWK 
$UUD\FRQWUROOHU =HWHF'<1$5$<
6DPSOLQJIUHTXHQF\ 0+]
([FLWLQJSXOVHOHQJWK Q6
7HVWHGVDPSOH:DYHVSHHG $XVWHQLWLFVWHHOPV
+LJKQLFNHODOOR\+1$PV
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),*85(  $XVWHQLWLFVWHHODQG+1$
,QERWKH[SHULPHQWVWKH663DOJRULWKPLVXVHGIRUSUHSURFHVVLQJ$VLQWURGXFHGEHIRUH663VSOLWV WKHUDZ$
VFDQLQWRGLIIHUHQWIUHTXHQF\FKDQQHOVDQGUHEXLOGV WKHPXVLQJGLIIHUHQWUHFRQVWUXFWLRQPHWKRGV7KHPRVWFRPPRQO\
XVHGDSSURDFKHV0,1DQG37DUHXVHGLQWKLVZRUN
)RUDJLYHQWLPHLQVWDQFH0,1FDOFXODWHV WKHPLQLPXPDEVROXWHYDOXHDPRQJDOOIUHTXHQF\FKDQQHOV
PLQ  nchnchnchnMIN X?? 
ZKHUH ??? GHQRWHV WKHIUHTXHQF\FKDQQHODQGLWVLQGH[ DQG ? LVDSRLQWLQWKH$VFDQWUDFH:KLOH37DLPVWRILQGRXWDOOWLPHLQVWDQFHVWKDWKDYHFRLQFLGHQWVLJQDPRQJDOOIUHTXHQF\FKDQQHOVLQDGGLWLRQ
WR ILQGLQJWKHPLQLPXPYDOXH7KHRXWSXWRI37LVH[SUHVVHGDV
??
? ??? RWKHUZLVH
DOORUDOOLIPLQ  nchnchnchnchnchnPT XXX? 
6SHFWUDO$QDO\VLV
6HJPHQWDO VLJQDOV DFTXLUHG IURP WKH DXVWHQLWLF VWHHO VDPSOH DUH XVHG LQ WKLV VHFWLRQ IRU DQDO\VLV $IWHU EHHQ
SURFHVVHGE\WKH37DOJRULWKPDOOVHJPHQWDOVLJQDOVWKDWFRQWDLQHFKRSHDNVFRXOGEHHLWKHUD OHJLWLPDWHUHIOHFWRU RU
DUWHIDFWQRLVHZHUH VHOHFWHG67)7ZDVXVHGKHUH WRH[WUDFW WKH IHDWXUH IURP WKHVH WHVWHG VHJPHQWDO VLJQDOV7KH
ORZHVWIHDWXUHH[WUDFWLRQIUHTXHQF\SRLQWZDV WREHFKRVHQDW0+]DQGWKHKLJKHVWIUHTXHQF\SRLQWZDV FKRVHQDW
0+]WRHQVXUHWKDWPRUHIHDWXUHV FDQEHH[WUDFWHGIURPWKHVSHFWUXP6SHFWUD DUHQRUPDOLVHGILUVW WRUHPRYHWKH
LQIOXHQFHRIDWWHQXDWLRQ)HDWXUHYHFWRUV ?? DUHFRQGXFWHGE\SRLQWVWKDWH[WUDFWHGHTXLGLVWDQWO\ IURPWKHVSHFWUD RIVHJPHQWV
)LJXUHVKRZVWKHQRUPDOL]HGVSHFWUD IURPGLIIHUHQWJURXSVDIWHUEHHQFOXVWHUHGLQGLYLGXDOVSHFWUD ZHUH
FKRVHQIURPHDFKJURXS,WFDQEHHDVLO\VHHQWKDWWKHVSHFWUD LQHDFKJURXSKDYHD VLPLODUFKDUDFWHULVWLFZKLFKLV
YDULDQWEHWZHHQ GLIIHUHQWJURXSV7DEOHJLYHVWKHSHUFHQWDJHRIVHJPHQWDOVLJQDOVLQWKHUDZGDWDWKDWEHHQFODVVLILHG
DVD 
UHIOHFWRU
 XVLQJHDFKJURXS2QO\*URXSKDVDVLJQLILFDQWO\ VPDOOSHUFHQWDJHUDWHFRPSDUHGZLWKWKHGHWHFWLRQ
UDWHRI37ZKLFKLQGLFDWHVLWVKRXOGEHWKHRQO\JURXSEHORQJVWROHJLWLPDWHUHIOHFWRU
([SHULPHQW
$VGLVFXVVHGLQWKHSUHYLRXV 6HFWLRQ*URXSKDVWKHVPDOOHVWSHUFHQWDJHUDWHDQGLWLVPRVWOLNHO\WREHORQJWR
OHJLWLPDWHUHIOHFWRU$35'0SURFHVVHG$VFDQH[DPSOHLVVKRZQLQ)LJ FWRJHWKHUZLWKWKHUDZ$VFDQVLJQDO
)LJDDQGWKHFRUUHVSRQGLQJ 37UHVXOWV LVSUHVHQWHGLQ)LJE
$OWKRXJK37KDVJUHDWO\HOLPLQDWHGWKHJUDLQQRLVHIURPWKHUDZVLJQDODQGFRUUHFWO\VKRZVWKHORFDWLRQRIWKH
EDFNZDOODWDURXQGPPPDQ\ DUWHIDFWVKDYH EHHQUHWDLQHG
,WFDQEHHDVLO\VHHQ WKDWDIWHUIXUWKHU SURFHVVLQJ E\35'0PRVWDUWHIDFWVLQWKH37UHVXOWKDYHEHHQUHPRYHG
ZKLOHWKHPPEDFNZDOOHFKRKDVEHHQUHWDLQHG
)LJXUH VKRZVWKH%VFDQLPDJHVRIUDZVLJQDOV37UHVXOWVDQG35'0UHVXOWV(DFK%VFDQLPDJHFRQWDLQV
SDUDOOHOSODFHG$VFDQV$V FDQEHVHHQLQ)LJ  EDQG)LJ FWKH%VFDQLPDJHVDUHFRQVLVWHQW ZLWKWKH$VFDQ
UHVXOWV LQ)LJ7KH%VFDQLPDJHVWLOOFRQWDLQVPDQ\DUWHIDFWVZKLOHPRVWRIWKHPKDYHEHHQUHPRYHGLQ)LJ F
1RWHWKDWDOWKRXJKWKHEDFNZDOOORRNVPRUH
OLQHOLNH
LQ)LJ  EFRPSDUHGZLWK)LJ FLWGRHVQRWPHDQWKH37
UHVXOW KDV D EHWWHU UHVROXWLRQ FRPSDUHG ZLWK 35'0 2Q WKH FRQWUDU\ WKLV LV FDXVHG E\ WKH GHWDLO ORVV RI WKH 37
DOJRULWKPGXHWRWKHQRQOLQHDUSURFHVVLQJ DSSURDFK
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),*85(  6SHFWUD RIGLIIHUHQW FOXVWHUHGJURXSV
7$%/( 3HUFHQWDJHUDWHRIFOXVWHUHGJURXSV
'HWHFWLRQUDWH RI37 
*URXS 
*URXS 
*URXS 
*URXS 
*URXS  
*URXS 
7KH3UREDELOLW\RI'HWHFWLRQ3R'DQG3UREDELOLW\RI)DOVH$ODUP3)$RI37DQGWKHSURSRVHG35'0DOJRULWKP
DUHJLYHQLQ7DEOHWRTXDQWLI\DQGFRPSDUHWKHLUSHUIRUPDQFH7KH3R'LVWKHOLNHOLKRRG H[SUHVVHGDVD SHUFHQWDJH
WKDWDQDOJRULWKPKDVFRUUHFWO\LGHQWLILHGDOHJLWLPDWHUHIOHFWRUZKLOHWKH3)$LVWKHOLNHOLKRRGDJDLQH[SUHVVHGDVD
SHUFHQWDJH WKDWDQDOJRULWKPKDVLQFRUUHFWO\FODVVLILHGDQRLVHSHDNLQWRGHIHFW ,QWHUHVWLQJO\WKH3R'IRUERWK37
DQG35'0LVVLPLODUEXWLPSRUWDQWO\WKH3)$ IRU35'0LVVLJQLILFDQWO\OHVVZKHQFRPSDUHGWRWKH37DOJRULWKP
([SHULPHQW
)LJXUHV  DQG  SURYLGH DGGLWLRQDO H[SHULPHQWDO UHVXOWV XVLQJ +1$ VDPSOH DQG SUHSURFHVVHG XVLQJ WKH
0LQLPL]DWLRQ DOJRULWKP ,QWHUHVWLQJO\ ZKHQ FRPSDUHG ZLWK )LJ  WKH SURSRVHG DOJRULWKP QRW RQO\ UHGXFHV WKH
DUWHIDFWVEXWDOVRJUHDWO\HQKDQFHGWKHYLVLELOLW\RIWKHEDFNZDOO$VFDQEHVHHQLQ)LJ  EWKHHFKRSHDNRIWKH
EDFNZDOODWDURXQGPPLVVPDOOHULQFRPSDULVRQWRWKHQRLVHSHDNLQWKHGDWDVLJQDOSUHFHGLQJ LW7KHEDFNZDOO
LOOXVWUDWHG LQ)LJ  FLVPXFKFOHDUHUWKDQREVHUYHG LQ)LJ  E$VDFRPSDULVRQRIWKHSHUIRUPDQFH3R'DQG3)$
DUHDOVRJLYHQLQ7DEOH DQGLQWKLVFDVH3'50RXWSHUIRUPV37LQWHUPVRIERWK3R'DQG3)$
   





)UHTXHQF\0+]
*URXS
   





)UHTXHQF\0+]
*URXS
   





)UHTXHQF\0+]
*URXS
   





)UHTXHQF\0+]
*URXS
   





)UHTXHQF\0+]
*URXS
   





)UHTXHQF\0+]
*URXS
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),*85( $VFDQH[DPSOHVRI$XVWHQLWLFVWHHO
),*85( %VFDQLPDJHVRI$XVWHQLWLFVWHHO
),*85( $VFDQH[DPSOHVRI+1$
      


'LVWDQFHPP
D5DZ$VFDQ
      


'LVWDQFHPP
E3RODULW\7KUHVKROGLQJ
      


'LVWDQFHPP
F35'03URFHVVHG3RODULW\7KUHVKROGLQJ
$VFDQLQGH[
'LV
WDQ
FH
P
P
D5DZ%VFDQ
  







$VFDQLQGH[
'LV
WDQ
FH
P
P
E3RODULW\7KUHVKROGLQJ
  







$VFDQLQGH[
'LV
WDQ
FH
P
P
F35'0SURFHVVHG3RODULW\7KUHVKROGLQJ
  







     


'LVWDQFHPP
D5DZ$VFDQ
     


'LVWDQFHPP
E0LQLPL]DWLRQ
     


'LVWDQFHPP
F35'0SURFHVVHG0LQLPL]DWLRQ
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),*85( %VFDQLPDJHVRI+1$
7$%/( 3'DQG3)$
$XVWHQLWLFVWHHO +1$
37 35'0 0,1 35'0
3' V   
3)$    
&21&/86,216$1')8785(:25.
$Q DGYDQFHG VSHFWUXPEDVHG DOJRULWKP EDVHG RQ $VFDQ VLJQDO SURFHVVLQJ LV SUHVHQWHG LQ WKLV SDSHU QDPHG
3RWHQWLDO5HDO'HIHFW0LQHU35'07KH35'0DOJRULWKPDLPVWRUHPRYHWKHDUWHIDFWQRLVH WKDWLVLQWURGXFHGE\
RWKHUWUDGLWLRQDO$VFDQEDVHGGHIHFWGHWHFWLRQDOJRULWKPXVLQJERWKXQVXSHUYLVHGDQGVXSHUYLVHGPDFKLQHOHDUQLQJ
WHFKQLTXHV)HDWXUHYHFWRUVDUHH[WUDFWHGIURPWKHVSHFWUD RIWKHVHJPHQWDOVLJQDOVDQGDUHXVHGDVLQSXWDUJXPHQWV
WR WKHFOXVWHULQJDQGFODVVLILFDWLRQDOJRULWKPV,QLWLDOH[SHULPHQWDOUHVXOWVVKRZWKHSURSRVHG35'0WHFKQLTXHKDV
VXFFHVVIXOO\UHGXFHG WKHQXPEHURIDUWHIDFWVFRPSDUHGZLWK WUDGLWLRQDO663DSSURDFKHV )XWXUHZRUNZLOO LQFOXGH
HQKDQFH IHDWXUH H[WUDFWLRQ WR PDNH WKH DOJRULWKP PRUH UREXVW DQG FRPELQLQJ WKH DSSURDFK ZLWK DUUD\ LPDJLQJ
DOJRULWKPV
$&.12:/('*0(176
7KHDXWKRUVZLVKWRWKDQN(21IRUWKHVXSSO\RIVDPSOHVDQGIRUVXSSRUWWRZDUGVWKLV3K'VWXGHQWVKLS
5()(5(1&(6
 &+ROPHV%'ULQNZDWHUDQG3:LOFR[NDT & E International, 
 0/LDQG*+D\ZDUGSensors  
 0 /L * +D\ZDUG DQG % +H ³$GDSWLYH $UUD\ 3URFHVVLQJ IRU 8OWUDVRQLF 1RQGHVWUXFWLYH (YDOXDWLRQ´ LQ
Proceedings IEEE International Ultrasonics Symposium (IUS)2UODQGR)/SS
 7/DUGQHU0/L5*RQJ]KDQJDQG$*DFKDJDQ³$1HZ6SHFNOH1RLVH6XSSUHVVLRQ7HFKQLTXH8VLQJ&URVV
FRUUHODWLRQRI$UUD\6XEDSHUWXUHV LQ8OWUDVRQLF1'(RI&RDUVH*UDLQ0DWHULDOV´ LQReview of Progress in 
Quantitative Nondestructive Evaluation HGV ' 2 7KRPSVRQ DQG ' ( &KLPHQWL $PHULFDQ ,QVWLWXWH RI
3K\VLFV 0HOYLOOH1<  
$VFDQLQGH[
'LV
WDQ
FH
P
P
D5DZ%VFDQ
  






$VFDQLQGH[
'LV
WDQ
FH
P
P
E0LQLPL]DWLRQ
  






$VFDQLQGH[
'LV
WDQ
FH
P
P
F35'0SURFHVVHG0LQLPL]DWLRQ
  






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